1. OELs should be applied by individuals well-trained and experienced in occupational health. 2. OELs cannot be applied in cases where exposure duration or work intensity exceeds the prerequisite conditions for setting an OEL. 3. OELs are set based on various information obtained from experiences in industries and experiments on humans and animals. However, the quantity and quality of information used in setting OELs is not always the same. 4. Types of health effects considered in setting OELs depend on the substances involved; an explicit health impairment provides the basis for OELs in certain substances, while health effects such as discomfort, irritation or CNS suppressive effects afford the basis in others. Thus, OELs cannot be used simply as a relative scale of toxicity. 5. Due to the variance in individual susceptibilities, discomfort, deterioration of pre-existing ill health or occupational disease may be induced at levels of exposure below the OELs, even though the chances of this should be remote. 6. Because OELs do not represent a definitive borderline between safe and hazardous conditions, it is not correct to conclude that working environments above OEL are the direct and sole cause of health impairment in workers, or vice versa. 7. OELs cannot be applied as reference values in nonoccupational environments. 8. OELs will be revised when JSOH considers it necessary. 9. JSOH welcomes the submission, by concerned parties or individuals, of opinions based on scientific aspects of OELs. 10. In the reproduction of any Tables and/or Figures of OELs, JSOH requires that the full text of OELs be quoted to prevent misunderstanding and misuse.
I. Occupational Exposure Limits for Chemical Substances

Definitions
Exposure concentration is defined as the concentration of a chemical substance in air which will be inhaled by a worker during a job without the use of protective respiratory equipment.
Occupational Exposure Limit-Mean (OEL-M) for mean concentration of a chemical substance is defined as the reference value to the mean exposure concentration at or below which adverse health effects caused by the substance do not appear in most workers working for 8 hours a day, 40 hours a week under a moderate workload. Exposure above OEL-M should be avoided even where duration is short or work intensity is light. If mean levels and duration of exposure corresponding to segments of various jobs can be measured or estimated, then an overall exposure concentration can be determined as the time-weighted average concentration.
Occupational Exposure Limit-Ceiling (OEL-C) of occupational exposure to a chemical substance is defined as the reference value to the maximal exposure concentration of the substance during a working day at or below which adverse health effects do not appear in most workers. The main reason why OEL-C is recommended for some substances is that the toxicity in question can induce immediate adverse effects such as irritation or CNS suppressive effects. However, it is quite difficult in practice to measure the momentary maximal exposure concentration. Short-term measurement lasting for 5 minutes or less at the time when the highest exposure concentration is expected may be used as a substitute for the measurement of maximal exposure concentration.
considered, since their co-existence could cause an increase in the inhaled dose of a chemical substance, thereby intensifying its effects on workers' health.
OEL for exposure to mixture of chemical substances
OEL-M values listed in Table I -1 and I-2 are applicable in cases where the substance exists alone. When workers are exposed to a mixture of chemical substances and there is no reliable evidence to the contrary that the effects of the chemicals are assumed to be additive, the effects should be assumed as additive. The users should refer not to each OEL-M value, but rather to the following equation:
Any value of I exceeding 1 indicates an exposure that is above OEL. Notes: 1. ppm: parts of vapors and gases per million of substance in air by volume at 25°C and atmospheric pressure (760 torr, 1,013 hPa); OELs in ppm are converted to those in mg/m 3 , in which the values are rounded off with 2 significant digits. 2. ( ) in the year of proposal column indicates that revision was done in the year without change of the OEL value. 3. *: Occupational Exposure Limit-Ceiling; exposure concentration must be kept below this level. **: Fibers longer than 5 µm and with an aspect ratio equal to or greater than 3:1 as determined by the membrane filter method at 400 × magnification phase contrast illumination. ψ : Substance whose OEL is set based on non-caninogenic health effects; see III. a : Exposure concentration should be kept below a detectable limit though OEL is set at 2.5 ppm provisionally. b : OEL for gasoline is 300 mg/m 3 , and an average molecular weight is assumed to be 72.5 for conversion to ppm unit. c : Respirable dust; see Note 1 in Table I -3. 
II. Occupational Exposure Limits Based on Biological Monitoring
to the data obtained by biological monitoring at or below (depending on agents, above) which the adverse health effects do not appear in most workers who are exposed to the chemical substances.
Characteristics of OEL-B
(1) In setting OEL-B, consideration is given to the exposure-effect and/or exposure-response relationships between biological monitoring values and health effects, or to the relationship between biological monitoring Asbestos***, † (Table III-2) Notes: 1. *: Respirable dust is defined as that which penetrates a particle size separator with the following characteristics:
where P = penetration rate D = aerodynamic particle diameter (µm) D 0 = 7.07 µm. Respirable crystalline silica consists of particles captured by the following collection efficiency, R (d ae ).
d ae : aerodynamic diameter of particle (µm), F (x): cumulative probability function of the standardized normal variable x=ln(d ae /Γ)/ln(Σ), ln natural logarithm, Γ=4.25 µm, Σ=1.5 2. **: Total dust comprises particles with a flow speed of 50 to 80 cm/sec at the entry of a particle sampler. 3. ***: Fibers longer than 5 µm and with an aspect ratio equal to or greater than 3:1 as determined by the membrane filter method at 400 × magnification (4 mm objective) phase contrast illumination. 4. † Dusts which are listed as occupational carcinogens in Table III . 5. ‡ : Do not include asbestos nor ≥1% crystalline sillica. 6. ψ : Substance whose OEL is set based on non-caninogenic health effects; see III.
Definition
Biological monitoring in the occupational setting consists of (1) measuring the concentration of a chemical substance or its metabolite(s) in biological specimens, and/or (2) determining early health effects by using biological specimens which are predictors or warning signs of the occurrence of adverse health effects.
Occupational Exposure Limit Based on Biological Monitoring (OEL-B) are defined as the reference values values and OEL-Ms.
(2) There is a possibility that exposure concentration of chemical substances in the workplace will not closely associate with biological monitoring values due to various factors, e.g., intra-and inter-individual variation in metabolism, social habits such as smoking and alcohol consumption, working conditions, working time, skin absorption, use of personal protective equipment, and possible exposure to the substances outside the workplace. Biological monitoring values could exceed OEL-B even though exposure to the chemical substances is below OEL-M, and vice versa. Both OEL-M and OEL-B must be satisfied at the workplace.
(3) Biological specimens should be collected at the time that is most likely to represent the particular exposure to the substances concerned, or at the time most likely to predict occurrence of the particular adverse health effects. Only biological monitoring values measured under this condition can be referred to OEL-B.
(4) OEL-B is applied to cases of single-substance absorption. For exposure to a mixture of substances, interactions in terms of absorption, metabolism, accumulation, excretion and health effects must also be considered. Table  I -1. These values must be used with caution. Some substances had epidemiological or experimental evidences that carcinogenicity was observed only at significantly higher concentrations than those for noncarcinogenic health effects, but the others did not. For the latter case, the substance is indicated as ψ in Table I 
V. Occupational Exposure Limits for Continuous or Intermittent Noise
Occupational exposure limits (OELs) for continuous or intermittent noise exposure are recommended as follows to protect against noise-induced hearing loss.
OELs for continuous or intermittent noise
Values in Fig. V-1 or Table V-1 show OELs, at or below which noise-induced permanent threshold shift (NIPTS) is expected to be below 10 dB at or below a frequency of 1 kHz, below 15 dB at 2 kHz, and below 20 dB at or more than 3 kHz after more than 10 years of continuous or intermittent noise exposure for 8 hours a day in most workers.
Applicable noise
OELs can be applied to wide-and narrow-band noise with band width below 1/3 octave. OELs are temporarily applicable to pure tones regarded as narrow-band noise. Impulsive or impact noise is excluded from the application (see Section VI).
Application method
(1) In the case of continuous noise exposure throughout the work-time, OELs corresponding to the exposure duration should be taken from Fig. V-1 This list of occupational sensitizers is recommended for the airway and skin (Table IV-1). The sensitizers are classified into Group 1 substances which induce allergic reactions in humans and Group 2 substances which (2) In the case of intermittent noise exposure, an equivalent exposure duration is considered to be the sum of exposure duration throughout the work-time minus an effective resting duration, and OELs corresponding to the equivalent exposure duration should be taken from Fig. V-1 or Table V-1. The effective resting duration is the duration when the noise levels are below 80 dB.
(3) In the case that noise is analyzed by an octave band filter, OELs corresponding to exposure duration are the values at the left ordinate of Fig. V-1 or in Table V-1. In the case that noise is analyzed by a narrower band filter with a band width of 1/3 octave or less, OELs are the values at the right ordinate of Fig. V-1 or the values subtracted 5 from the figures in Table V-1. 250  98  102  108  117  120  120  500  92  95  99  105  112  117  1000  86  88  91  95  99  103  2000  83  84  85  88  90  92  3000  82  83  84  86  88  90  4000  82  83  85  87  89  91  8000  87  89  92  97  101  105 4. OELs by A-weighted sound pressure level Basically, frequency analysis of noise is recommended. In the case of evaluating with an Aweighted sound pressure level, OELs in Table V-2 Occupational Exposure Limits (OELs) for impulsive or impact noise exposure in the workplace are recommended as follows to protect against noise-induced hearing loss.
OELs for impulsive or impact noise
In the case that total frequency of exposure to impulsive or impact noise is at or below 100 times a day, the peak sound pressure level shown in Fig. VI-1 is recommended as the OEL corresponding to the duration of impulsive or impact noise explained in "3. Measurement method".
In the case that total number of exposures to impulsive or impact noise is above 100 times a day, the sum of the peak sound pressure level in Fig. VI-1 with the adjustment value in Fig. VI-2 to cerrect the difference of exposure frequency is recommended as OEL. At or below these limits, NIPTS is expected to be below 10 dB at or below a frequency of 1 kHz, below 15 dB at 2 kHz, and below 20 dB at or more than 3 kHz after more than 10 years of impulsive or impact noise exposure in most workers.
Applicable noise
These OELs are applicable to impulsive or impact noise only. In the case of mixed exposure to both impulsive or impact noise and continuous or intermittent noise, both OELs should be satisfied.
Measurement method
Impulsive or impact noises are classified by their oscilloscope-measured wave forms into two groups, as shown in Fig. VI-3 (A) and (B) . In Fig. VI-3 (A) , A duration is defined as the duration between TO and TD. In Fig. VI-3 (B) , B duration is defined as either the duration between TO and TD if no reflection sound exists, or the sum of durations between T O and T D ' and between T O ' and T D '' if reflection sound dose exist. In the case of (B), TD' or TD'' is determined by the intersection of a wave envelope indicating sound pressure change with a line indicating a sound pressure 20 dB below peak sound pressure. This method is also applicable in the case of multiple reflection sounds.
VI-ii. OEL for Impulsive or Impact Noise by A-Weighted Sound Pressure Level
Occupational exposure limit (OEL)
In the case that total frequency of exposure to impulsive or impact noise is at or below 100 times a day, OEL is 120 dB at A-weighted sound pressure level. In the case that total frequency of exposure to impulsive or impact noise is above 100 times a day, the adjustment value in Fig. VI-2 corresponding to frequency of exposure should be added for OEL determination.
Application
OEL is applicable to type B wave in Fig. VI-3 Note: Wind speed is assumed to be calm, less than 0.5 m/sec. Thirty-minute warm-up break must be set every work unit. 
IX. Occupational Exposure Limits for Whole Body Vibration
X. Occupational Exposure Limits for Hand-Arm Vibration
XII. Occupational Exposure Limit for Ultraviolet Radiation
Occupational Exposure Limit for ultraviolet radiation with wavelengths between 180 nm and 400 nm is recommended to be 30 J/m 2 as effective irradiance integrated over 8 hours a day, to avoid acute effects on eye (cornea or conjunctiva) or the skin. This value is not applicable to laser radiation.
Effective irradiance is defined as follows:
400 nm
where: E eff = effective irradiance E λ = spectral irradiance at exposure S(λ) = relative spectral effectiveness (Table XII-1) ∆λ = band width 
